To evaluate parameters for determining repeat prostate biopsy in patients with 5α-reductase inhibitor (5ARI) treatment after initial negative biopsy. Materials and Methods: From January 2007 to December 2015, patients who underwent a repeat prostate biopsy after an initial negative biopsy were enrolled from multiple institutions. Serial prostate-specific antigen (PSA) levels after the initial biopsy were analyzed for PSA kinetics. Clinicopathologic variables were evaluated according to the use of 5ARIs after the initial negative biopsy. Results: Of 419 patients with initial negative biopsies (median age=67.0 years, median PSA=6.31 ng/mL), 101 patients (24.1%) were diagnosed with prostate cancer at the repeat biopsy. An increase in PSA level at 18 months, compared to that at 6 months, was a predictor of a positive repeat biopsy. However, the use of 5ARIs was not identified as a predictor. Of 126 patients receiving 5ARI treatment after the initial biopsy, 30 (23.8%) were diagnosed with prostate cancer at the repeat biopsy. Increase in PSA level at more than two time points after 6 months of 5ARI treatment (odds ratio=4.84, p=0.005) was associated with cancer detection at the repeat biopsy. There were no significant 5ARI group-related differences in the detection rates of prostate and high-grade cancers (Gleason score ≥7).
INTRODUCTION
Although prostate-specific antigen (PSA) levels are generally used in practice and are a serum marker that revolutionized the early detection and management of prostate cancer, its use is fraught with challenges due to a relative lack of cancer specificity.
1,2 PSA levels can be elevated for numerous reasons, including a large prostate volume, severe voiding symptoms, urinary retention, infection, recent instrumentation, ejaculation, and trauma. On the other hand, 20−30% of cancers may be missed at the initial prostate biopsy. 3 Furthermore, the interpretation of regular follow-up PSA levels in patients with an initial negative biopsy requires a different approach from that used for the general population, potentially resulting in an intervening repeat biopsy in individuals persistently suspected for prostate cancer.
In addition, treatment with 5α-reductase inhibitors (5ARIs), such as dutasteride and finasteride, may be considered for reducing voiding symptoms in patients with an initial negative biopsy. However, the interpretation of PSA level in terms of discriminating prostate cancer is more complex in patients treated with 5ARIs than in those who have not been treated with 5ARIs. 4 For example, the serum PSA level decreases by about 50% within 6−12 months of 5ARI treatment. 5 Thus, information on the use and duration of 5ARI treatment should be additionally considered in deciding on a repeat prostate biopsy. Unfortunately, there are no guidelines specifying the parameters to be considered for repeat prostate biopsy in men taking 5ARIs. As an attempt to overcome these limitations, the use of several parameters, including PSA density, percentage of free PSA, PSA velocity (PSAV), magnitude of PSA change, and the number of PSA increases after 6 months of 5ARI treatment, has been suggested in prior studies. 4, [6] [7] [8] [9] Clinicians face a dilemma when deciding to use 5ARIs or not in patients with an initial negative biopsy, as controversy exist. In cases of missed prostate cancer at the initial prostate biopsy, the use of 5ARIs might be feasible, considering the effects of chemoprevention on prostate cancer. However, patients using 5ARIs have been reported to have high-grade features (Gleason score ≥7) at diagnosis of prostate cancer, which is problematic for urologists. [10] [11] [12] [13] The aim of the present multi-institutional study was to identify the parameters that recommend repeat biopsy in persistent suspected prostate cancer patients undergoing 5ARI treatment.
MATERIALS AND METHODS

Patients and data collection
Approval was obtained from the Institutional Review Boards at each institution (IRB No. 2017-0524-001) for the collection of data on all patients who underwent a repeat prostate biopsy after an initial negative biopsy. From January 2007 to December 2015, 431 patients (Severance Hospital, n=144; Gangnam Severance Hospital, n=182; and National Health Insurance Service Ilsan Hospital, n=105) were enrolled. The following clinicopathological data were collected: age, body mass index, prostate volume, PSA level during follow-up after the initial negative prostate biopsy, and pathologic results after repeat prostate biopsy. Twelve patients with a history of 5ARI withdrawal, transurethral resection of the prostate, a pathological diagnosis of prostatic intraepithelial neoplasia or atypical small acinar proliferation, or those who underwent another protocol, such as an MRI-based targeted biopsy, were excluded. The remaining 419 patients were divided into two groups based on the use of 5ARIs within 3 months after the initial negative biopsy.
Follow-up and outcomes
Follow-up, including physical examination and PSA testing, was performed every 3−6 months. A transrectal ultrasound was performed every 1−2 years or at the time of the repeat biopsy. PSA levels for 2 years after the initial negative biopsy were analyzed for PSA kinetics. PSAV (expressed as ng/mL/year) was calculated as the real-time PSA level minus the level 6 months prior, divided by the elapsed time between the two measurements. The indication for the initial prostate biopsy was an elevated PSA level ≥4 ng/mL, consecutive PSA elevations, or an abnormal digital rectal examination. The indication for repeat biopsy depended on the clinicians' decision-making with consideration of the PSA kinetics. The number of PSA increases after 6 months of 5ARI treatment was defined as the number of times the PSA level increased from the nadir, which was the minimum PSA level attained after 6 months of treatment.
Statistical analysis
We compared the clinicopathologic variables in prostate cancer patients diagnosed at repeat biopsy between the groups. Categorical variables are reported as the number of occurrences and frequencies. Continuous variables are expressed as a median (interquartile range). Student's t-test and the Pearson chi-square test were used to evaluate differences in continuous and categorical variables, respectively. Simple and multiple logistic regressions were used, with a forward stepwise procedure. Statistical analyses were performed using SPSS, version 23.0 (IBM Corp., Armonk, NY, USA). All p-values <0.05 were considered indicative statistical significance.
RESULTS
The baseline characteristics of the 419 patients with an initial negative biopsy (median age=67.0 years, median PSA level= 6.31 ng/mL) are presented in Table 1 . A total of 101 patients (24.1%) were diagnosed with prostate cancer at the repeat biopsy (median duration between the initial and repeat prostate biopsies=23.0 months), and 126 patients (30.1%) had received 5ARI treatment. The median PSA level at the repeat prostate biopsy was 6.12 ng/mL. Compared to those with a negative repeat biopsy, patients diagnosed with prostate cancer at the repeat biopsy were older, had lower prostate volume at the initial and repeat prostate biopsies, and had a higher proportion of patients who showed an increase in PSA levels during followup (compared to that at 6 months prior) (p=0.007, p<0.001, p< 0.001, p=0.047, respectively). However, there were no significant differences between those with and without cancer diagnosed at the repeat biopsy in terms of receiving 5ARI treatment and PSA levels at initial and repeat biopsies. In addition, PSAVs were not statistically different at any period.
In a multivariate analysis, age [odds ratio (OR)=1.07, 95% confidence interval (CI)=1.007−1.143, p=0.029], initial prostate volume (OR=0.96, 95% CI=0.929−0.983, p=0.002), and an increase in PSA at 18 months, compared to that at 6 months (OR= 3.30, 95% CI=1.358−8.025, p=0.008), were found to be predictive factors of a positive repeat biopsy. However, the use of 5ARIs was not a significant predictor of prostate cancer detection (Table 2) . Table 3 summarizes the clinical variables according to the use of 5ARIs. Patients taking 5ARIs were older, had lower PSA levels, and had larger prostate volumes at the initial biopsy, Table 4 shows the serum PSA levels and number of patients who underwent repeat prostate biopsy in 6-month intervals, according to the use of 5ARIs. In the non-5ARI group, the median PSA level during follow-up gradually decreased. Although the median PSA level in the 5ARI group also decreased, the value at 24 months was higher than that at the previous visit. At 24 months, 57.5% of the patients in the non-5ARI group and 68.3% of the patients in the 5ARI group had undergone a repeat biopsy.
In multivariate sub-analysis of the non-5ARI group, age (OR= 1.06, 95% CI=1.020−1.110, p=0.003) and PSA level at repeat biopsy (OR=0.96, 95% CI=0.946−0.982, p<0.001) were associated with the diagnosis of prostate cancer. In addition, a multivariate analysis showed that age (OR=1.12, 95% CI=1.008−1.249, p=0.035) and increase in the PSA level at more than two time points after 6 months of 5ARI treatment (OR=4.84, 95% CI= 2.150−6.205, p=0.005) were significant predictors of prostate cancer detection in the 5ARI group. However, PSAV was a not significant predictor at any period in either group (Table 5) .
Finally, age (OR=1.10, 95% CI=1.045−1.139, p<0.001) and initial prostate volume (OR=0.97, 95% CI=0.956−0.993, p=0.008) were significant predictors of a diagnosis of high-grade prostate cancer, while the use of 5ARIs was not (Table 6 ).
DISCUSSION
Several studies have reported that prostate cancer detection, chemoprevention, and high-grade prostate cancer are associ- ated with the use of 5ARIs. 8, [12] [13] [14] These results are based on a randomized controlled trial in which 5ARI was used for the purpose of relieving voiding symptoms. However, the results were controversial, as differences were present in the analysis in the same group for the risk of high-grade prostate cancer, according to the researchers. 10, 15 Furthermore, participants in this randomized controlled trial differed from those who receive 5ARIs after an initial negative prostate biopsy in clinical practice. Without data from the actual clinical field, clinicians might be reluctant to prescribe 5ARIs to patients with large prostate volumes, which may limit the relief of voiding symptoms achieved via a synergistic effect with an α-blocker. Therefore, the present study collected data reflecting clinical practice from multiple institutions. Although the evaluation of the effects of the use of 5ARIs on prostate cancer detection and chemoprevention may not be meaningful in the present study, we can suggest an algorithm for the indication of repeat prostate biopsy to clinicians who are hesitant to prescribe 5ARIs in patients with worsening voiding symptoms. Fig. 1 presents the algorithm to recommend repeat biopsy according to PSA kinetics in patients with 5ARI treatment, based on the results of the present study.
The PSAV and an increase in the PSA level have been reported as significant predictors of a positive repeat biopsy. [16] [17] [18] [19] [20] [21] [22] However, the definitions of these parameters were not consistent among the previous studies in terms of the regular interval for the monitoring of the PSA level. In the present study, the PSAVs calculated at 6-month intervals between the initial and repeat prostate biopsies were not predictors of prostate cancer among all patients and in the sub-groups. Instead, an increase in the PSA level at 18 months, compared to that at 6 months, was a significant predictor of positive repeat biopsy among all patients.
The influence of 5ARIs on PSA secretion by benign and malignant tissue can lead to a reduction in serum PSA levels, raising concerns about the potential of 5ARIs to interfere with detection of prostate cancer. 23 5ARIs have been shown to reduce serum PSA levels by about 50% during a 6-month course. 5 Although PSA level at 6 months of 5ARI treatment does not always represent the nadir, a change in PSA level at 6 months from the initial value provides an insight into the usefulness of the PSA level in prostate cancer diagnosis. 14, 24 In the Reduction by Dutasteride of Prostate Cancer Events (REDUCE) study and the Prostate Cancer Prevention Trial (PCPT), the percentage change at 6 months from the baseline PSA level distinguished men with prostate cancer from those without cancer during a 4-year treatment period (42% vs. 57% and 37.2% vs. 59.5%, respectively). However, the PSA level at 6 months did not reach the nadir in all patients receiving 5ARI treatment. Brawer, et al. 25 reported that only 35% of the men undergoing 5ARI treatment had the expected 40−60% reduction in the PSA level. In the present study, a significant difference in the percentage change at 6 months of 5ARI treatment from the initial PSA level was found in men with and without prostate cancer (29.1% vs. 34.2%, p=0.026, data not shown), but the value among all patients was 32.4%. Thus, NCCN guidelines advise that the commonly employed method of doubling the measured PSA value to obtain an adjusted value may result in unreliable cancer detection. Kravchick, et al. 26 suggested that a PSA level decline of <40% after 1 year of treatment should be considered as an indicator for repeat biopsy in patients receiving dutasteride. However, a multivariate analysis in the present study found that a PSA level decrease less than 35.0% at 6 month of 5ARI treatment was not a significant predictor for the detection of prostate cancer (p=0.700). In the present cohort, PSA level at 6 months of 5ARI treatment did not reach the nadir and the change was lower than that in previous studies. This may be related to variations in testosterone metabolism by ethnicity: Asian men have lower total serum testosterone and hormone-binding levels, reduced 5α-reductase levels, and lower testosterone production, compared to that in Western men. 27 Several previous studies have suggested that serum PSA from the nadir in men receiving 5ARIs treatment should be considered as suspicious for prostate cancer. Andriole, et al. 24 reported that the optimal combination of sensitivity and specificity was achieved with a PSA increase of 0.8 ng/mL as the threshold for prostate biopsy in patients using dutasteride. Marks, et al. 28 reported that a PSA increase of 0.3 ng/mL from the nadir is a trigger for biopsy in men using dutasteride. The use of any increase in PSA with dutasteride as a reason for repeat biopsy resulted in a lower specificity than that achieved when attempting to confirm the nadir value and any subsequent increase in men with a previous negative biopsy. 20 In the present study, an increase in the PSA level at more than two time points after 6 months of 5ARI treatment was associated with the detection of prostate cancer at repeat biopsy (OR= 4.84, p=0.005). However, a multivariate analysis showed that increase in PSA level at 24 months, compared with that at 6 months, was not a significant predictor for the diagnosis of prostate cancer in patients undergoing 5ARI treatment (p= 0.381).
The effect of 5ARIs on preventing or delaying the appearance of prostate cancer remains controversial. In PCPT, finasteride reduced the incidence of prostate cancer by 24.8%, compared to that with placebo. This reduction was almost exclusively for low-grade (Gleason score 6) tumors; an increased proportion of aggressive tumors (Gleason score ≥7) was observed. 10 The REDUCE trial showed a relative risk reduction of 22.8% with dutasteride over a 4-year study period, as well as the detection of more high-grade tumors (Gleason score ≥8) in the dutasteride arm. 29 The Combination of Avodart (dutasteride) and Tamsulosin (CombAT) trial also showed a 40% lower incidence of prostate cancer with dutasteride plus tamsulosin (an α-blocker agent), compared to that with tamsulosin alone. Unlike previous studies, the proportion of detected high-grade cancers (Gleason score ≥7) was not increased in the CombAT trial. 13 In the present study, there were no differences between patients receiving 5ARI treatment and those who did not in the detection rates for prostate and high-grade cancers. Moreover, the use of 5ARIs was not associated with the prediction of high-grade cancer detection in multivariate analysis. In practice, the criteria of selecting patients for 5ARI treatment and the recommendation of repeat biopsy could be different.
Although the present study was retrospectively designed, our cohort reflected clinical practice: patients taking 5ARIs had lower PSA values and larger prostate volume than that of patients in the non-5ARI group. The cancer detection rate in patients with PSA levels of 4−10 ng/mL are 25% for the second biopsy and 24% for the third biopsy. 30 The present cohort consisted of patients who underwent a second prostate biopsy, and the detection rate in patients taking 5ARIs (24.1%) was similar to that in previous studies. Furthermore, there was no difference between patients with and without 5ARI treatment in terms of the detection rate (p=0.747).
The present study has several limitations. First, the study was non-randomized, and certain data elements were obtained retrospectively. Therefore, heterogeneity was present in patients who underwent repeat prostate biopsy. Multiple factors, such as PSA kinetics, age, performance status, and patient compliance, affected clinical decision-making for the determination of the repeat biopsy. Second, although there is less chance of missing a cancer after performing two biopsies in 2 years, we do not know how many cancers were missed, as a lack of PSA increase was found in approximately 4% of cancers with a Gleason score of 7−10. 29 Lastly, the cohort was relatively small. Thus, further studies with a larger number of patients are required to determine the clinical relevance of our findings.
In conclusion, the present study evaluated predictors for prostate cancer detection on a second prostate biopsy in patients with an initial negative biopsy who underwent 5ARI treatment. In practice, 5ARI treatment tended to be recommended for patients with a low PSA level and large prostate volume. The effects of 5ARIs on cancer detection and chemoprevention are beyond the scope of the present study. However, the present results suggest that repeat prostate biopsy should be considered for patients with more than two PSA increases after 6 months of 5ARI treatment.
